Abstract: Background and objective: Liver regeneration is a complex process regulated by a group of genetic and epigenetic factors. A variety of genetic factors have been reported, whereas few investigations have focused on epigenetic regulation during liver regeneration. In the present study, valproic acid (VPA), a histone deacetylase (HDAC) inhibitor, was used to investigate the effect of HDAC on liver regeneration. Methods: VPA was administered via intraperitoneal injection to 2/3 partially hepatectomized mice to detect hepatocyte proliferation during liver regeneration. The mice were sacrificed, and their liver tissues were harvested at sequential time points from 0 to 168 h after treatment. DNA synthesis was detected via a BrdU assay, and cell proliferation was tested using Ki-67. The expressions of cyclin D1, cyclin E, cyclin dependent kinase 2 (CDK2), and CDK4 were detected by Western blot analysis. Chromatin immunoprecipitation (ChIP) assay was used to examine the recruitment of HDACs to the target promoter regions and the expression of the target gene was detected by Western blot. Results: Immunohistochemical analysis showed that cells positive for BrdU and Ki-67 decreased, and the peak of BrdU was delayed in the VPA-administered mice. Consistently, cyclin D1 expression was also delayed. We identified B-myc as a target gene of HDACs by complementary DNA (cDNA) microarray. The expression of B-myc increased in the VPA-administered mice after hepatectomy (PH). The ChIP assay confirmed the presence of HDACs at the B-myc promoter. Conclusions: HDAC activities are essential for liver regeneration. Inhibiting HDAC activities delays liver regeneration and induces liver cell cycle arrest, thereby causing an anti-proliferative effect on liver regeneration.
Introduction
The liver is one of few organs in the body capable of regeneration after injury. In a study by Higgins and Anderson (1931) , using a 2/3 hepatectomy (PH) model, the remaining rat liver mass recovered its original weight within one week after surgery. The regenerative properties of the liver contribute substantially to the treatment of liver diseases and surgical operations. For example, liver transplantation is considered the most effective feasible therapy for end-stage liver diseases (Fujiyoshi and Ozaki, 2011; Riehle et al., 2011) . During shortage of donated organs, living liver donors are one of the most important sources of livers for transplantation (Merion, 2010) . Thus, the fast regeneration of liver tissue is of particular importance for both donors and recipients. Currently, the regulation of liver regeneration is a crucial issue in hepatology research. Numerous cytokines and growth factors reportedly participate in liver regeneration. However, most studies have focused on the genetic regulation of liver regeneration and few have focused on its epigenetic control (Zimmermann, 2004) .
Recently, investigations have shown that epigenetic control is essential in many biological processes, such as development, tumorigenesis, cell proliferation, apoptosis, and recovery from injury. Studies have demonstrated the participation of epigenetic events in the pathogenesis of many diseases (Cheng and Blumenthal, 2011; Katsuyama and Paro, 2011; Martín-Subero and Esteller, 2011) . Epigenetic control is the regulation of gene transcription without any change in the DNA sequence. Among epigenetic events, histone acetylation/deacetylation is one of the most clearly understood genetic modifications. The level of histone acetylation is regulated by two important types of enzymes, histone deacetylases (HDACs) and histone acetyltransferases (HATs), which work in opposition. HATs acetylate histone tails and set the chromosome to a relaxed status. This status is suitable for the binding of transcription factors to the promoter regions of genes, which then initiate transcription. HDACs work in reverse by removing the acetyl group of the histone tail, setting the chromosome to a compact status. Consequently, the DNA is then inaccessible for the binding of transcription factors, and certain gene expression is inhibited. Therefore, HATs can be regarded as activators and HDACs as repressors of gene expression. However, this is not always true as in the case of HDACs that regulate repressor genes, which inhibit target gene expression (Turner, 2000; Nakayama and Takami, 2001) .
B-myc is a member of the myc family discovered by Ingvarsson et al. (1988) . It is expressed at low levels in mature tissue cells. Unlike most members of the myc family, B-myc has only an encoded exon similar to the C-myc 2# exon in structure. B-myc protein has an N-terminal region similar to that of C-myc (Ingvarsson et al., 1988) . Hence, B-myc also plays a regulatory role in genetic transcription (Resar et al., 1993; Facchini and Penn, 1998) . Considering B-myc lacks the basic helix-loop-helix-zipper DNA-binding domain possessed by other members of the myc family, it might bond with other regulatory nuclear transcription proteins for joint transcription regulation (Asker et al., 1995; Sakamuro and Prendergast, 1999; Cornwall et al., 2001; Burton et al., 2006) . Previous studies have found that the myc box II (MB II) structural domain of B-myc could bond with the GAL4/C-myc chimera to inhibit C-myc (Resar et al., 1993; Gregory et al., 2000; Cornwall et al., 2001) , which demonstrates its inhibitory function during cell proliferation. Hence, B-myc may be a negative regulatory factor in proliferation.
In the present research, the focus was on the effect of HDACs in the control of liver regeneration. Valproic acid (VPA), a class I HDAC inhibitor, has been widely used as an antiepileptic agent for nearly 30 years to repress HDAC activity and to investigate the effects of HDACs on liver regeneration. VPA was administered by injecting into 2/3 partially hepatectomized mice. DNA synthesis was detected in hepatocytes, and was accordingly impaired using a BrdU incorporation assay. The expressions of cell cycling proteins such as cyclin D1, cyclin E, cyclin dependent kinase 2 (CDK2), and CDK4 were also monitored during liver regeneration. Furthermore, the B-myc expression level was examined, and revealed enhanced protein levels of B-myc. ChIP (Chromatin immunoprecipitation) assays confirmed that HDAC1 and HDAC2 were recruited to the promoter region of the B-myc gene. Our results suggest that inhibition of HDAC activities causes delayed liver regeneration at least in part, by disrupting their target genes such as B-myc.
Materials and methods

Animals, surgical procedures, and drug treatment
One hundred young adult male C57BL/6 mice (18-22 g, 2-3 months old) were obtained from the Animal Center of Sichuan University, West China Hospital, Chengdu, China, and were bred in the animal facilities at the Ministry of Health, West China Hospital, Sichuan University.
We randomly divided 84 mice into three groups: Group 1, VPA treated only; Group 2, 2/3 partial PH only; and Group 3, VPA treated plus 2/3 PH. The last 15 mice were used to determine the appropriate dosage of VPA (Sigma, Carlsbad, CA, USA).
PH was performed on the 2-3 months old male mice, as previously described (Mitchell and Willenbring, 2008) .
For the VPA treated group, the mice were injected intraperitoneally (i.p.) every 12 h with appointed doses of VPA until the animals were sacrificed at 0, 12, 24, 36, 48, 72, 120 , or 168 h after treatment. All the animal experiments were performed according to the guidelines of the Animal Care and Use Committee of Sichuan University.
BrdU analysis and immunohistochemistry
One hour before sacrifice, the mice were injected i.p. with BrdU (Sigma). At the indicated time, the mice were sacrificed and their liver tissues were harvested. DNA synthesis was monitored by BrdU staining (Dako, Carpinteria, CA, USA). Hepatocyte proliferation was detected using Ki-67 (Thermo Fisher, Waltham, MA, USA). Staining with hematoxylin and eosin (HE) and with immunohistochemical stains was performed as described by Ke et al. (2007) . At least 2 000 cells were counted to determine the proportion of hepatocytes that expressed the previously mentioned markers.
Liver function tests
Liver function tests, including serum albumin (Alb), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) determination, were conducted by the Biochemical Laboratory of Sichuan University, West China Hospital, Chengdu, China.
Western blot analysis
The protein isolated from the liver tissue was subjected to Western blot analysis as described by Rodríguez et al. (2006) . The total proteins were transferred onto a polyvinylidene fluoride membrane after separation by electrophoresis using a 12% sodium dodecyl sulfate polyacrylamide gel. Western blot analyses were performed using anti-acH3 (Abcam, Shatin, HK), anti-total H3 (Cell Signaling Technology, Boston, MA, USA), anti-cyclin D1 (Epitomics, Burlingame, CA, USA), anti-cyclin E (Cell Signaling Technology), anti-CDK2 (Epitomics), anti-CDK4 (Santa Cruz, Buffalo, CA, USA) and B-myc (Epitomics) antibodies. Mouse monoclonal anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Millipore, Billerica, MA, USA) antibody was used as the internal control.
The immunoblot bands of each sample were densitometrically analyzed using the Quantity One Analysis package (Bio-Rad, Hercules, CA, USA).
ChIP assay
Fresh mice liver tissues were harvested immediately after the mice were sacrificed. Chromatin was isolated according to the EZ-Zyme chromatin prep kit guidelines (Millipore). The tissue samples were immunoprecipitated using RNA polymerase II (Millipore), anti-acH3 (Abcam), HDAC1 (Abcam), and HDAC2 (Abcam) antibodies, and then reversed cross-linked using an EZ-Magna ChIP G chromatin immunoprecipitation kit (Millipore). Proteins were digested with proteinase K and the recovered DNA was purified and subjected to polymerase chain reaction (PCR) amplification. The primers used for ChIP were as follow. B-myc promoter 1: 5′-ccagctcatgttcac acaggcaaa-3′ for the sense primer, and 5′-tgaaggat agctcgctggtagaga-3′ for the antisense primer; B-myc promoter 2: 5′-atgtagcccagccatggtaatcct-3′ for the sense primer, and 5′-cagcatcatcccacacacctgtaa-3′ for the antisense primer; B-myc promoter 3: 5′-tccatcgtc agaggaacggacaat-3′ for the sense primer, and 5′-cgcc cagtgactcttctactttca-3′ for the antisense primer. The DNAs recovered from the chromatin that was not immunoprecipitated (input) and the chromatin that was immunoprecipitated with protein G in the absence of primary antibodies, were used as the controls.
Statistical analysis
All averaged data are presented as mean± standard error of the mean (SEM), and all statistical analyses were performed using the PASW Statistics 17.0 statistical package. Statistical significance was assessed using a t-test. The differences were considered significant at P<0.05.
Results
VPA suppresses HDAC activity in the liver
To detect an appropriate dosage, different VPA doses were tested on the mice (intraperitoneal, administration of VPA from 100 to 400 mg/kg twice daily). The liver function tests showed that ALT and AST levels were within the normal range under a twice-daily dosage of 100 to 300 mg/kg VPA. Alb did not change significantly (Fig. 1a) , and HE staining of the vital organs showed no significant pathologic changes (Fig. 1b) . Histologically, the heart, liver, spleen, lung, kidneys, and stomach were normal and in good physiologic status. Reversible changes were detected only in the liver. Slight cell swelling or fatty change was observed in some cases. A small number of inflammatory cells, mainly lymphocytes, were observed locally in the pulmonary, interstitial, and gastric mucosa. Necrosis, apoptosis, or hemorrhage was not detected. When the dosage was increased to 400 mg/kg twice daily, nearly all the mice manifested tremors and convulsions after injection. More than 50% died after 2 d of VPA administration. The last surviving mice treated with 400 mg/kg VPA twice daily showed abnormal liver function as indicated by high levels of ALT and AST (Fig. 1a) . Therefore, a dosage of 300 mg/kg twice daily was administered for further study. The mice were sacrificed at 0, 12, 24, 36, 48, 72, 120, or 168 h, and their liver tissues were harvested. To test the effect of VPA on HDAC activity, the global levels of acH3 were detected by Western blot and compared with total H3 at each particular time point after treatment. Increased levels of acH3 protein were detected in the VPA-treated mice after 36 h, and reached a peak at 72 h. Expression remained high until 168 h of treatment (Fig. 1c) . Hence, the twice-daily administration of 300 mg/kg of VPA represses HDAC function and significantly enhances acH3 expression under normal liver function.
VPA scarcely suppresses hepatocyte proliferation in intact livers
Under VPA administration, the mice were sacrificed and their liver tissues were harvested at 0, 12, 24, 36, 48, 72, 120 , or 168 h post-treatment. Histologically, the liver tissues were normal and integrated. In the HE-stained liver paraffin sections, the lobules, portal triads, and central veins were intact. The sinusoids were clear and without angiectasis. The hepatocytes were polygonal and/or round with a large amount of eosinophilic cytoplasm. Necrosis was not observed, but slight swelling and a small amount of fatty change were detected in some cases. A small number of inflammatory cells were observed in some regions (Fig. 2a) . BrdU and Ki-67 staining showed slight changes under the VPA treatment (Fig. 2 ).
In the current study, VPA did not suppress hepatocyte proliferation despite its inhibitory effect on HDAC under physiologic states.
VPA rapidly enhances liver histone acetylation after 2/3 PH
To investigate the influence of hepatocytic histone acetylation under VPA administration during liver regeneration, the mice were first administered with 300 mg/kg VPA. Afterwards, a standard 2/3 PH was performed, and VPA was administered continually until the mice were sacrificed. More than 90% of the mice were alive and appeared normal until sacrificed. The subjects were examined at various times after operation until 168 h. Results of total H3 appeared to be similar in the PH and PH plus VPA groups. A significant increase in acH3 was detected immediately after 2/3 PH. The simple 2/3 PH mice showed markedly lower levels of liver acH3 (Fig. 3) . Our data suggest that VPA can rapidly enhance histone acetylation during liver regeneration after 2/3 PH.
VPA delays early liver regeneration after 2/3 PH
The mice were randomly divided into two groups. One group was administered with VPA until sacrificed, and 2/3 PH was performed after the initial VPA injection. The other group received only PH. No obvious difference was observed between the two groups in terms of survival ratio or histologic conditions (Fig. 4a) . To test the effects of VPA on hepatocyte proliferation during liver regeneration after 2/3 PH, liver tissues were harvested at 0, 12, 24, 36, 48, 72, 120 , or 168 h after treatment to examine DNA synthesis using BrdU staining. Only a small number of cells were BrdU-positive at 0 h. In the PH group, more BrdU-positive cells were observed at 12 h and the numbers reached a peak at 36 h after the operation, and then declined to a near normal level at 168 h after 48 h post-surgery. Hepatectomy stimulated the hepatocytes in the G 0 phase to immediately enter the G 1 and DNA synthesis phases under normal conditions. However, in the VPA+PH group, DNA synthesis was significantly delayed and suppressed. The peak of the BrdU-positive cells was delayed to 48 h. The ratio of positive cells also declined significantly (Figs. 4a and 4b) . VPA suppresses DNA synthesis during liver regeneration after 2/3 PH. Ki-67 expression was subsequently determined in these two groups. The results indicate that during the regeneration process after PH, Ki-67 is expressed from 24 h, reaching its peak at 48 h. The ratio of positive cells was at a high level from 36 to 72 h. Most of the hepatocytes were shown to be in the G 2 and M phases after DNA synthesis at 36 h. VPA decreased Ki-67 expression (Figs. 4a and 4c) . The data for BrdU and Ki-67 staining demonstrate that VPA suppresses liver proliferation. So the results indicated that VPA can impair liver regeneration by repressing hepatocyte proliferation. 
VPA suppresses cyclins in the early stage of liver regeneration
Because DNA replication was impaired by VPA during liver regeneration, and cell cycle-related kinases are necessary for cell proliferation, we then investigated the effects of VPA on the cell cycle. Cyclin D1, cyclin E, CDK4, and CDK2 were tested at sequential time points in the two groups by Western blot analysis. Cyclin D1 was the only enzyme significantly altered between the two groups. Cyclin D1 was expressed from 24 h and increased continuously after 2/3 PH. After reaching its peak at 36 h, cyclin D1 declined until 168 h. Under VPA+PH, cyclin D1 expression was postponed until 48 h, and maintained at a lower level than that following PH (Fig. 5) . Regardless of the CDK4 levels, suppression of cyclin D1 expression by VPA would cause a decrease in cyclin D1/CDK4 complex expression and cell cycle arrest at the G 1 phase. DNA synthesis in the hepatocytes then decreased.
VPA upregulates B-myc expression to arrest hepatocyte proliferation
The target genes of HDAC during liver regeneration were screened using a cDNA microarray. The hepatocyte proliferation inhibitor B-myc was identified as the target gene (Table A1 ). The expression of B-myc during liver regeneration was verified by Western blot. The results show that B-myc decreased markedly after PH, and remained at a lower level compared with its expression in intact liver. However, the VPA+PH group demonstrated a different trend. B-myc increased rapidly after 12 h and a distinct discrepancy in PH was observed at the same time points. The B-myc expression level still greatly outstripped the normal until 48 h. After 48 h the expression gradually decreased. According to this result, D1, cyclin E, CDK4 and CDK2 at 0, 12, 24, 36, 48, 72, 120, or 168 h in the PH and VPA+PH groups. (b) Corresponding densitometric analyses of immunodetection of certain antibodies. GAPDH was performed as a loading control.
* P<0.05, ** P<0.01, *** P<0.001 when the VPAPH group is compared with the PH group at the same time point
Densitometric value
Densitometric value compared with the PH group, VPA enhanced B-myc expression from 12 to 48 h after PH (Fig. 6a) .
Inhibition of HDAC1/2 by VPA suppresses B-myc transcription
HDACs are epigenetic factors which can regulate transcription of target genes by changing the chromatin architecture. Based on the increased B-myc expression under VPA treatment, which suppressed liver regeneration, a ChIP assay was performed to test whether HDACs are recruited to the promoter regions of the B-myc gene. Liver tissues treated or untreated with VPA were harvested at 48 h after 2/3 PH. Antibodies specific for HDAC1, HDAC2, acH3, and RNA polymerase II, and primers for multiple regions of B-myc promoters were used. The recruitment of HDAC1 and HDAC2 to a chromatin region of the B-myc promoter was detected in PH, and was reduced markedly in the VPA+PH treatment. The recruitment of RNA polymerase II to the specific region of the B-myc promoter was detected clearly in the VPA+PH treatment, but was rarely observed in the PH treatment. This pattern was consistent with the lower level of B-myc transcripts during natural liver regeneration (Fig. 6b) . Together, these results further validate the conclusion that inhibition of HDACs by VPA increases B-myc transcription during liver regeneration after PH.
Discussion
With the progress of epigenetic studies, epigenetic regulation has been shown to play an important role in an increasing number of fields (Katsuyama and Paro, 2011; Martín-Subero and Esteller, 2011) . Histone HDAC is one of the two types of enzymes that regulate histone acetylation (Turner, 2000; Nakayama and Takami, 2001; Thiaqalinqam et al., 2003) . Fig. 6 Effect of VPA on expression of B-myc in the process of liver regeneration after PH (a) Time-course of the expression of B-myc in the two groups, PH and VPA+PH, at sequential time points was detected and analyzed by Western blot (n=3 for each). GAPDH was performed as a loading control.
* P<0.05 when the VPA+PH group is compared with the PH group at the same time point. (b) Recruitment of HDAC1, HDAC2, acH3, and RNA polymerase ΙΙ to the indicated regions of the B-myc promoters detected using ChIP on chromatin isolated from the mice liver at 48 h after PH or VPA+PH treatment (input and no antibody (NA) used as controls) HDAC1 and HDAC2 exist extensively in tissues and organs and play an important role in tissue development and regeneration (Thiaqalinqam et al., 2003; Shen et al., 2008) . Among the multitude of HDAC inhibitors, VPA is normally used in in vivo experiments to inhibit the activity of HDAC1/2 (Gurvich et al., 2004; Michaelis et al., 2004) .
The results of our current study indicated that intraperitoneal VPA injection in mice remarkably improved the acetylation of H3 in liver cells under normal liver function, but did not inhibit hepatocyte proliferation in intact mouse liver tissues. In contrast, 24 h after intraperitoneal VPA injection in mice, the proliferation indices (the positivity rates of BrdU and Ki-67) indicated that proliferative cells increased slightly, but the proliferation level remained low. The reason may be related to the slight damage caused by drug injection. Although the mice had good living conditions and their liver functions were in the normal range, the morphologic features of their liver tissue indicated that the liver cells were subjected to slight reversible injury, such as cellular swelling and fatty degeneration. Such reversible injuries might stimulate the proliferation of several liver cells.
VPA clearly inhibited the regeneration of mice liver after 2/3 PH. VPA delayed the rapid proliferation of liver cells during the early phase of liver regeneration. The results of BrdU and Ki-67 staining indicated that VPA inhibited and delayed DNA synthesis, and arrested liver cells in the G 1 /S phase. This result was consistent with the report by Takai et al. (2004) . As VPA arrested the proliferation of liver cells in the G 1 stage, the cyclic proteins cyclin D1 and cyclin E in the G 1 /S phase and their CDK partners were examined further. The results indicated that VPA delayed and down-regulated cyclin D1 expression during liver regeneration. During mitosis, cyclin D1 bonds with CDK4 to phosphorylate Rb and activate the transcription factor E2F (Simile et al., 2004) . It facilitates gene transcription and the transition of cells from phase G 1 to S, and is the most important cyclic protein in this phase (Satyanarayana and Kaldis, 2009) . However, some studies have shown that cyclin D1 only shortens the G 1 phase instead of facilitating cell proliferation when a mitogen is absent, similar to mitogen-activated protein kinase (MAPK) kinase 1 (MEK1) (Cheng et al., 1998; Sherr and Roberts, 1999; Sherr, 2000) . The absence of cyclin D1 prevents cells from entering the S phase (Sherr, 1995; Awad and Gruppuso, 2000; Nelsen et al., 2001; Takai et al., 2004; Patil et al., 2009) . During liver regeneration, the transition of liver cells from the G 1 to the S phase is a key event initiating regeneration, in which cyclin D1 plays an important role (Fausto, 2000) . VPA may trigger the delay and inhibition of cyclin D1 expression, contributing to the inhibition of liver cell proliferation, as proven in VPA in vitro studies (Michaelis et al., 2004) . VPA has been found to inhibit the proliferation of various tumor cell lines in vitro, including blood and nervous system tumors and several solid cancers, such as breast and gastric cancers (Takai et al., 2004; Mongan and Gudas, 2005; Kaiser et al., 2006; Bartolini et al., 2008) . Inhibition of the proliferation of various cancer cells by VPA is expressed as retardation of the G 1 /S phase and inhibition of cyclin D1 expression.
VPA inhibition of HDAC1/2 function triggers the super-acetylation of histone in liver cells. The acetylation of histone promotes the transcription of relevant genes. Hence, VPA may activate the expression of some factors that inhibit proliferation during liver regeneration, contributing to a delay in liver regeneration. The liver tissue of liver-specific Hdac1/2 gene knockout mice 36 h after 2/3 PH and that of wild mice were compared at the same time points and under the same conditions. Microarray detection (Table A1 ) was conducted to screen the target gene B-myc. To verify the function of B-myc in VPA inhibition of liver regeneration after PH, the expression of B-myc was examined at different time points after the surgery by comparing the VPA+PH group and the PH group. The change in these two groups showed that B-myc expression in the experimental group continued to be higher than that in the control group within 12-48 h after PH. This result corresponded well with the changes in proliferation indices and the expression of cyclin D1. Furthermore, the ChIP detection result showed that HDAC1/2 bound at the transcription initiation area of B-myc and VPA weakened this connection. This finding indicated that HDAC1/2 regulates B-myc gene expression in liver regeneration. VPA inhibited HDAC1/2, reducing the bonding between HDAC1/2 and the B-myc gene, and boosted B-myc. Higher B-myc expression participated in reducing the regenerative capacities of the liver. In practice, HDAC1/2 cannot bond to the promoter directly. It needs to form a protein complex with a certain recruiting protein. Different complexes perform diverse biological functions (Turner, 2000; Nakayama and Takami, 2001; Shen et al., 2008) . The functional difference between HDAC1 and HDAC2 has been reported to be an important factor that determines the difference in the proliferation of hepatocytes (Wang et al., 2008a; Wang et al., 2008b) . HDAC1 interacted with CCAAT-enhancer binding protein alpha (C/EBPα) in old mice. The HDAC1-C/EBPα complex blocked E2F bonding on certain gene promoters causing inhibition of expression of genes, such as Forkhead box M1 (FoxM1B), which is required for liver regeneration. Hence, the proper process of liver regeneration was impaired. However, the HDAC1-C/EBPβ complex promoted liver regeneration by inhibiting the expression of C/EBPα in young mice (Wang et al., 2008a; Wang et al., 2008b) . According to our results, we propose that different epigenetic factors control a number of diverse genes. HDAC1/2 interacts with diverse recruiting proteins, regulating several genes, including B-myc, and plays an important part in the process of liver regeneration in cooperation with other epigenetic factors. As for the detailed mechanism of liver proliferation regulated by B-myc, such as the interaction between the HDAC1/2 complex and the B-myc promoter, and the recruiting proteins of the HDAC1/2 complex, we shall carry out further studies on gene knockout mice.
In summary, the epigenetic factors, HDAC1 and HDAC2, are essential for liver regeneration. VPA inhibits HDAC activities, reducing cyclin D1, preventing liver cells from entering the DNA synthesis phase, increasing B-myc expression, and at least partially, participating in the regulation of liver regeneration.
